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Abstract 


This  report  describes  the  results  obtained  in  the  investi^ 
gation  of  very  short  antennas  which  were  surrounded  with 
a  dielectric  medium  especially  ferrite.  It  has  already  been 
shown  in  Technical  Report  No.  1  that  a  performance  improve'^ 
ment  of  the  electrically  small  antenna  can  only  be  obtained 
by  achieving  a  bandwidth  enlargement  of  the  antenna  impedance. 
Also  Technical  Report  No.  1  has  shown  that  an  enlargement  of 
the  bandwidth  of  a  very  short  antenna  was  not  obtained  by  in¬ 
serting  dielectric  in  the  region  between  the  feeding  point 
and  a  field  line  z  =  z^.  This  is  caused  by  the  fact  that  the 
dielectric  in  the  immediate  vicinity  of  the  feeding  point  also 
causes  an  undesirable  increase  in  the  reactive  power  of  the 
transmission  line  wave.  Therefore  an  increase  in  the  antenna 
bandwidth  can  not  be  obtained  by  inserting  dielectric  material 
in  the  immediate  vicinity  of  the  feeding  point.  In  this  re¬ 
port  an  improved  sha'^e  as  compared  to  that  of  Technical  Report 
No.  1  is  described  for  the  dielectric  shell  surrounding  the 
antenna.  Here  the  medium  begins  at  some  distance  away  from 
the  feeding  point,  (see  Pig.  1) 

In  Section  I  the  polystyrol  body  of  improved  shape  according 
to  Pig.  1  is  discussed.  The  corresponding  feeding  point  im¬ 
pedance  (Pig.  2)  and  bandwidth  (Pig.  3)  is  calculated  and 
compared  with  measured  values.  An  improvement  in  the  bandwidth 
as  compared  to  that  of  the  antenna  with  polystyrol  in  Techni¬ 
cal  Report  No.  1  was  obtained.  However  the  bandwidth  of  the 
antenna  surrounded  with  the  improved  polystyrol  shape  is 
still  smaller  than  the  bandwidth  of  an  antenna  in  air. 

In  Section  II  ferrite  bodies  according  to  Pig.  1  of  two  dif¬ 
ferent  material  types  were  used  and  investigated.  The  cor¬ 
responding  feeding  point  impedance  and  antenna  bandwidth 


were  calculated  and  compared  with  the  measured  values.  The 
results  show  that  compared  to  the  radiator  in  air  no  improve 
ment  of  the  bandwidth  of  very  small  antennas  (  X  ^  larger 
than  1/20  antenna  height)  is  obtained  by  surrounding  the 
antenna  with  either  a  ferrite  or  polystyrol  shell.  If  the 
height  of  the  antenna  is  larger  than  A^/20  some  improvement 
of  the  antenna  bandwidth  can  be  obtained  by  surrounding  the 
antenna  with  a  dielectric  medium  especially  ferrite. 
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I.  Very  short  Radiator  in  a /Poly styrol  Shell  of  improved  Shape 

Technical  Report  No.  1  described  the  investigations  which 
were  undertaken  with  a  radiator  surrounded  with  a  dielectric 
medium  which  exended  from  the  feeding  point  to  a  field  line: 
z  =  z^.  In  the  following  text  TR1  will  be  used  as  an  abbrevia¬ 
tion  for  "Technical  Report  No.  1".  In  this  Technical  Report  No. 2 
the  behaviour  of  an  improved  geometric  shape  of  the  dielectric 
medium  is  described. 

Figure  21  (TR1)  shows  that  the  additional  radiation  caused 
by  the  dielectric  medium  may  first  occur  outside  the  field 
line  z/h  =  0,5.  Between  the  field  line  z/h  =  0,5  and  the  fee¬ 
ding  point  of  the  radiator,  the  dielectric  medium  only  causes 
a  bandwidth  decreasing  transformation  effect.  Therefore  the 
dielectric  material  should  only  be  placed  in  those  regions 
of  the  antenna  where  it  could  aid  the  effect  of  additional  ra¬ 
diation.  Figure  1  shows  the  improved  geometric  shape  of  the 
dielectric  material.  This  improved  shape  is  constructed  of  the 
same  polystyrol  material  as  that  of  the  shape  in  TE1  =  2,5). 

The  impedance  caused  by  the  outer  space  at  the  coordinate 
z  =  z^  which  is  the  border  of  the  dielectric  medium  is  al¬ 
ways  the  same  for  very  short  antennas,  independent  of  the 
dielectric  medium.  Curve  I  of  Fig.  1 6  in  TRl  shows  this  im¬ 
pedance  at  z  =  z^  which  has  been  calculated  from  the  im¬ 
pedance  measurements  of  the  antenna  in  air.  The  transformation 
of  this  known  impedance  Z^  at  the  field  line  z  =  z^  inwards 
towards  the  field  line  z  =  of  Figure  1  is  obtained  by  using 
a  computer  in  conjunction  with  the  Runge-Kutta  method  for 


Ernst  Bayer,  Zeidienbedarf,  Munchen 


feeding  line 


-  4  - 


solving  eq.  (1)  below. 


A  z 


(1) 


this  corresiJonds  to  equation  (67)  of  TR1  . 

is  the  impedance  to  be  transformed. 

^Lo  characteristic  impedance  of  the  feeding  line. 


The  transformation  of  the  impedance  from  z  =  inwards 
towards  z  =  0  occurs  according  to  the  following  equation: 


•  Zw  '1 


(5) 


This  is  eq.  (68)  of  TR1 . 


The  dielectric  and  resistive  losses  are  so  small  that  they 
can  be  neglected  in  the  calculation  procedure  as  was  done 
with  the  antenna  in  TR1 . 


Curve  I  in  the  Smith-chart  of  Figure  2  shows  the  plot  of 
the  calculated  feeding  point  impedance  for  the  frequency 
range  200  -  1000  mc/s.  Curve  II  gives  the  measured  values. 

If  the  antenna  height  h  is  smaller  than  Aq/20  then  the 
measured  and  calculated  impedance  values  are  in  good  agree- 


ment.  If  h  is  larger  than  Aq/20  then  the  measured  impedance 
values  lie  closer  to  the  SV/R  =  1  point  than  the  calculated 
values.  This  was  also  ohser\ed  with  the  antenna  described 
in  TR1  and  is  caused  by  the  additional  radiation  effect  of 
the  dielectric. 

Figure  3  gives  a  plot  of  which  is  the  ratio  of  the 

relative  bandwidth  of  the  antenna  with  improved  dielectric 
medium  shape  to  that  of  an  antenna  in  air. 

kii.-  (4) 

hrA  R.A  idZpl 

this  is  eq.  (72)  of  TR1 . 

index  D  means  antenna  in  dielectric  medium, 
index  A  means  antenna  in  air. 

R  =  Re(Z) 

Curve  I  of  Pig.  5  is  a  plot  for  this  ratio  using  the  calculated 
impedance  values;  curve  II  gives  a  plot  for  the  same  ratio 
using  the  measured  impedance  values.  As  a  result  of  the  addi¬ 
tional  radiation,  the  values  for  obtained  by  using 

the  measured  impedance  data  is  larger  than  that  obtained  by 
using  the  calculated  impedance  data. 

If  the  curves  of  Pig.  3  are  compared  with  the  corresponding 
curves  of  TR1  (Pig.  20)  then  it  is  readily  realized  that 
the  new  form  of  the  dielectric  medium  yields  a  noticeable 
improvement  of  the  bandwidth.  However  the  bandwidth  of  the 
antenna  surrounded  with  the  improved  polystyrol  shape  is 
still  smaller  than  the  bandwidth  of  an  antenna  in  air. 
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II.  Very  short  Radiator  in  Ferrite  Shells  of  improved  Shape 

The  medium  which  surrounds  the  spherical  antenna  shall  now 
he  constructed  of  Ferrite  material.  Ferrite  powder  mixed 
with  melted  paraffin  (binding  medium)  was  used.  At  warm  tem*^ 
peratures  this  mixture  could  be  formed  to  the  desired  shapes. 
Upon  cooling  the  mixture  has  approximately  the  same  rigigity 
as  paraffin. 


A  test  set-up  was  constructed  for  measuring  the  electric  and 
magnetic  characteristics  of  this  material,  (see  Fig.  4). 

The  latter  consists  of  a  variable  short  circuit  tuning  stub, 
a  test-sample  line  and  a  slotted  line  arrangement.  Figure  5 
shows  various  ferrite  samples  which  were  inserted  between 
the  inner  and  outer  conductor  of  the  test-sample  line.  Figure  6 
shows  the  test-sample  line  with  inserted  ferrite  sample. 

The  measuring  equipment  serves  as  a  means  of  determining 
the  following  material  constants: 


/ 


with 


and 


(5) 


Figures  7,  8,  9,  and  10  give  the  measured  material  constants 
of  four  different  Ferrite  materials  obtained  from  Siemens  & 
Halske  Company.  The  constants  £^and  ^yremain  approximately 
constant  in  the  frequency  range  between  200  and  1,000  mc/s. 


whereas  £r  increases  slightly  with  increasing  frequency  and 
increases  rapidly  with  increasing  frequency. 

Ferrite  of  types  U  60  (Pig.  7)  and  HPPi  (Pig.  8)  were  used 
in  the  construction  of  the  improved  shapes  (Pig.  1) 

Pig.  11a  and  b  shows  the  plaster  molds  used  for  forming  the 
ferrite  shapes. 

Pig.  -12  shows  two  finished  ferrite  shapes  and  one  shape 
made  out  of  polystyrol. 

Pig.  13  shows  a  bottom  view  of  a  Per rite  shape  and  Pig.  14 
shows  the  latter  with  a  spherical  radiator  in  its  center  on 
the  measuring  plane. 
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Calculation  of  the  Feeding  Point  Impedance  taking, into 
consideration  the  electiic  and  magnetic  field  losses 


The  transformation  of  the  known  impedance  at  the  field  line 
z  =  Zq  (see  TR1 ,  Pig.  16  curve  II)  inwards  towards  the  field 
line  z  =  z^  occurs  according  to: 


this  corresponds  to  eq.  (70)  of  TE1 . 


(6) 


As  was  the  case  with  the  antenna  in  TR1 ,  the  resistive  losses 
can  be  neglected  since  the  outer  surface  of  the  radiator  is 
silver  plated.  However  the  electric  and  magnetic  field  losses 
of  the  ferrite  body  itself  are  so  large  in  the  frequency  range 
between  200  and  1,000  mc/s  that  these  must  be  included  in  the 
impedance  calculation.  Therefore  a  complex  material  constant 
is  actually  used. 

/  n 

'  •  „  (7) 

f  ,  f*-*'  Sire  obtained  from  Pig.  7  and  8.  If  eq.  (7) 
is  inserted  into  eq.  (6)  then  a  transformation  equation  for  the 
imhomogeneous  line  with  consideration  of  the  electric  and 
magnetic  field  losses  is  obtained.  The  impedance  which  is 
obtained  in  this  manner  is  now  transferred  from  the  field 
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line  z  =  Zy  inwaid  towards  the  feeding  point  z  =  0  by  using 
eq.  (3). 


Curve  I  of  Pig.  15  shows  the  calculated  feeding  point  impe^ 
dance  of  the  antenna  with  ferrite  U  60  (  £'  =  4,9  =  1,48). 

The  latter  is  plotted  on  a  Smith-chart  for  the  frequency 
range  between  200  and  1,000  mc/s.  Curve  II  shows  the  measured 
values  of  the  feeding  point  impedance  of  this  antenna. 

If  the  antenna  height  h  is  larger  than  A ^/20  then  the  mea¬ 
sured  impedance  values  once  again  lie  nearer  the  SWR  =  1 
circle  than  the  calculated  values,  and  can  again  be  explained 
as  being  caused  by  the  additional  radiation  due  to  the  ferrite. 
However  a  second  effect  exists  here; 

The  measured  impedance  of  curve  II  in  Pig.  15  shows  an  in¬ 
dentation  with  a  small  loop  in  the  frequency  range  about 
600  mc/s.  Here  the  impedance  lies  very  close  to  the  :S70l  =  1 
point.  This  loop  is  caused  by  a  cavity-resonance  of  the  W^- 
wave  within  the  ferrite  body.  The  wavelength  A  of  the 
wave  within  the  ferrite  body  is  smaller  than  its  equivalent 
in  air  by  the  factor;  yj 

The  first  resonance  of  the  Y/^-wave  occurs  in  the  frequency 
range  about  600  mc/s  where  the  electrical  wavelength  between 
Zy  and  z^  has  the  values  A^^/2.  The  next  resonance  occurs 
at  twice  this  frequency  namely:  1 ,200  mc/s.  In  the  impedance 
plot  of  curve  II  in  Pig.  15  one  can  already  notice  the  be¬ 
ginning  of  the  second  loop  at  1,000  mc/s. 
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The  exact  transformation  of  the  impedance  Z  from  the  outer 

field  line  z  =  z.  inwards  towards  the  field  line  z.  occurs 
o  d 

according  to  the  equation; 


This  corresponds  to  equation  (62)  of  TR1 . 


In  the  vicinity  of  the  cavity  resonance  of  the  W^-wave, 
Wi/Wo  becomes  very  large  and  via  the  factor  of  eq.  (8) 
influences  the  impedance  transformation  dZ/dz  of  the  W^- 
wave 
eq. 


In  the  calculation  of  the  impedance  in  accordance  with 


(6)  the  factor  1  -r, 

•j.j) 

consideration . 


w 


1*W, 


1_  of  eq.  (8)  was  not  taken  into 


Therefore  the  calculated  impedance  depicted  by  curve  I  of 
Pig.  15  does  not  contain  a  loop. 

In  the  impedance  calculation  a  consideration  of  the  W^-wave 
is  not  possible  since  the  magnitude  of  W^/W^  is  not  known. 
Whereas  the  impedance  2  of  the  \V^  wave  of  a  radiator  in  air 
can  be  determined  via  measurement  and  used  for  the  impedance 
calculation  of  the  W^-wave  of  the  ferrite  antenna,  this  is 


11 


not  possible  for  the  W-j  cavity  resonance  since  the  antenna 
surrounded  with  air  does  not  possess  such  a  cavity  resonance. 

The  resonance  behaviour  of  the  -wave  in  ferrite  does  not 
cause  a  change  in  the  cosine  shape  of  the  oirectional  pattern 
of  the  antenna  as  long  as  the  geometric  antenna  height  h  is 
small  compared  to  the  wavelenght.  If  a  different  antenna 
pattern  is  desired  then  the  geometrical  height  h  must  be  in 
the  order  of  A  q  N- 

The  cavity  resonance  can  be  considered  as  a  transforming 
network  in  the  inhomogeneous  antenna  line.  Therefore  it  can 
be  replaced  by  a  suitably  chosen  four  pole  network  which  is 
inserted  at  the  feeding  point  of  the  small  antenna.  As  a 
result  it  can  be  realized  that  this  phenomenon  does  not  bring 
a  real  improvement  of  the  antenna  characteristics. 

Figure  16  shows  the  ratio  of  the  relative  bandwidth 

of  an  antenna  imbedded  in  Ferrite  U  60  to  the  relative  band¬ 
width  of  the  antenna  in  air.  Curve  I  of  ^'ig.  16  is  that  of 
the  calculated  impedance;  curve  II  is  a  plot  of  the  measured 
values.  As  a  result  of  the  additional  radiation  and  the 
additional  transformation  effect  of  the  cavity  resonance  at 
600  mc/s,  curve  II  lies  above  curve  I. 

The  definition  of  the  bandv/idth  (4)  is  only  plausible  when 
the  impedance  plot  does  not  contain  loops.  Therefore  curve  II 
is  shown  in  broken  line  form  above  450  mc/s. 

Fig.  17  gives  a  plot  of  the  feeding  point  impedance  of  an 


..  »  .1  ,  r.*^-  W.v  I— 
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antenna  with  Ferrite  HPFi  (  £t-  8.25,^/=  2.82)  in  the  fre¬ 
quency  range  200  to  1 ,000  mc/s.  Curve  I  shows  the  calculated 
values j  curve  II  the  measured  values  of  the  feeding  point 
impedance  of  this  antenna. 

Curve  II  once  again  lies  closer  to  the  point  SV/R  =  1  of  the 
Smith-chart  than  does  curve  I.  As  a  result  of  the  large  va¬ 
lues  of  /  ^  and  /**  y  the  loop  in  the  measured  impedance  plot 
already  occurs  at  350  mc/s.  Curve  I  of  Pig.  18  shows  the 
ratio  using  the  calculated  impedance  values  and  curve  II 

for  the  measured  impedance  values.  Since  the  first  loop  al¬ 
ready  occurs  at  350  mc/s,  curve  II  is  drawn  in  broken  line 
form  above  250  mc/s. 
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Conslusions 

As  was  shown  in  TR1  the  practical  use  of  a  very  short  antenna 
is  dependent  on  its  bandwidth.  Therefore  if  one  wants  to 
improve  the  characteristics  of  a  very  short  antenna,  a  means 
must  be  found  to  increase  its  bandwidth.  This  could  be  pos¬ 
sible  by  surrounding  the  radiator  with  dielectric  material 
especially  ferrite.  First  the  radiator  was  surrounded  with 
polystyrol  and  the  effect  of  various  geometric  forms  of  the 
dielectric  material  upon  the  antenna  behaviour  was  investi¬ 
gated.  Theory  and  measured  data  has  shown  that  a  larger 
bandwidth  is  obtained  when  the  dielectric  begins  at  some 
distance  away  from  the  feeding  point  of  the  antenna  than  in 
the  case  of  having  the  dielectric  already  begin  at  the 
feeding  point.  That  portion  of  the  dielectric  which  is  in 
the  vicinity  of  the  feeding  point  of  very  short  antennas 
can  not  bring  an  improvement  in  the  radiation  behaviour  and 
thus  does  not  result  with  an  increase  in  the  bandwidth. 
Rather,  this  region  of  the  dielectric  only  causes  an  increase 
in  the  reactive  power  of  the  transmission  line  wave.  This 
reactive  power  is  undesirable  since  it  causes  a  decrease 
in  the  bandwidth. 

These  results  seem  to  indicate  that  a  sphere  totally  filled 
with  dielectric  material  may  not  be  the  most  suitable  shape 
for  surrounding  a  dipole. 

According  to  fsj  and  r3j  a  fundamental  limit  is  imposed  on 
the  bandwidth  of  antennas  by  the  impedance  of  the  spherical 
wave  functions  representing  their  radiated  fields.  A  cosine 
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form  of  the  directional  antenna  pattern  is  obtained  with 
very  short  antennas  whose  geometric  height  h  is  small  com¬ 
pared  to  the  wavelength  regardless  if  the  antenna  is  surrounded 
with  ferrite  or  not.  N  .  Therefore  only  the  lowest  order 
dipole  mode  of  these  spherical  wavefunctions  appears.  Then 
the  impedance  of  the  latter  mode  is  the  same  for  all  very 
short  antennas.  Therefore  a  ferrite  shell  surrounding  a 
very  short  antenna  does  not  bring  a  real  improvement  in 
antenna  behaviour;  rather  only  a  different  transformation 
form  of  the  antenna  impedance  results.  Our  impedance  measure*- 
ments  indicate  a  cavity  resonance  of  the  W^-wave  in  the 
ferrite  body.  When  a  ferrite  with  very  high  is  used,  the 
cavity  resonance  is  excited  at  very  low  frequencies.  But  this 
resonance  does  not  constribute  to  radiation  and  thus  has  no 
bandwidth  increasing  effect  because  the  air  filled  outer  space 
region  in  immediate  vicinity  of  the  ferrite  body  can  not 
Bupport  the  W^-wave  in  its  propagating  form.  Only  at  very 
distant  regions  away  from  the  antenna  can  again  exist 
as  a  propagating  wave  in  the  air  filled  outer  space.  Thus 
this  cavity  resonance  also  has  only  a  transforming  effect. 

Since  the  antenna  is  very  short  all  this  transformations 
could  also  have  been  accomplished  by  inserting  a  suitable 
fourpole  network  in  the  feeding  point  of  the  antenna. 

If  the  antenna  is  chosen  to  be  larger  than  X,/20  then  the 
ferrite  material  can  also  influence  the  impedance  of  the 
lowest  order  spherical  wave  function.  This  is  especially 
true  when  the  ferrite  shell  has  approximately  the  same  height 
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as  that  of  the  antenna  itself.  As  the  antenna  height  is 
increased  the  wave  function  already  has  propagating  wave 
charcter istics  in  the  air-filled  outer  space  region  near  the 
ferrite  body.  Then  additional  radiation  may  be  transmitted 
from  the  ferrite  body  into  space.  This  additional  radiation 
causes  some  enlargement  of  the  antenna  bandwidth. 


Glffssary  of  Symbols 


hrA  Relative  bandwidth  of  antenna  in  air 

Relative  .bandwidth  of  antenna  in  dielectric 
Relative  bandwidth  of  antenna  in  ferrite 
fy  Relative  dielectric  constant 
gy  Real  part  of  complex  ft 
ly  Imaginary  part  of  complex 
^*1  Fourier  coefficients 
h  Geometrical  height  of  the  radiator 
X,  Wavelength  in  air 
X(  Wavelength  in  dielectric  medium 
Wavelength  in  ferrite 
/Uy  Relative  permeability 
Real  part  of  complex 
Imaginary  part  of  complex 
Eadation  resistance  of  antenna  in  air 
R»p  Radiation  resistance  of  antenna  in  dielectric 
tj  Loss  factor  of  the  electric  field 

tj  Loss  factor  of  the  magnetic  field 

Pouriercoeff icients  of  complex  wave  function 
'2^  Impedance 

Zl»  Characteristic  impedance  of  feeding  line 
'Lf^  Impedance  of  antenna  in  air 
Zo  Impedance  of  antenna  in  dielectric 


z 

Coordinate 

in 

the 

imhomogeneous 

antenna  line 

z« 

Coordinate 

of 

the 

outer 

boundary 

of 

dielectric 

medium 

>4 

Coordinate 

of 

the 

inner 

boundary 

of 

dielectric 

medium 
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